The results of experiments showed an effect of negative magnetic field on some chemical and physical properties of water. A slight increase in iron (Fe) content, a decrease in zinc (Zn) level and an increase in surface tension (Dc) were observed in the study.
INTRODUCTION
In chemical plant protection water is used as an extender of most applied plant protection agents. However, numerous compounds occurring under natural or artificial conditions affect physico-chemical properties of both water itself and the spray liquid containing assumed amounts of plant protection agents. These compounds may have a negative effect on biological effectiveness of plant protection agents in the control of pests. Such water properties include e.g. pH, hardness (minerals dissolved in water, primarily calcium and magnesium salts) and suspended organic particles. In order to improve water quality different chemical compounds and substances as well as special water treatment facilities are used. Adjuvants are among agents applied for treatment of water used in plant protection measures. They are surfactants, modifying physico-chemical properties of spray liquid (Praczyk 2001; Woźnica et al. 2005) . Magnetic activators, which are used as water treatment facilities, are successfully used in power, food, automobile industries and medicine (Szczypiorski et al. 2001; Kołecka 2005; Worsztynowicz 2005) .
Magnetic field generated by a magnetizer causes the ordering and combining of conglomerates, i.e. clusters of water molecules, to form larger elements having an increased electric charge, trapping from the environment ionized molecules with an opposite charge. The action of a magnetizer results in a changed concentration of gases in water. The concentration of oxygen (O 2 ) increases , while levels of carbon dioxide (CO 2 ), ozone (O 3 ) and chlorine (Cl 2 ) are reduced. It also turns out that after each water magnetization process iron (Fe 2+ ) content in water increases. As a result of the elevated oxygen bivalent this iron is oxidized to trivalent Fe 3+ . Thanks to this reaction iron hydroxide Fe(OH) 3 is promptly precipitated. This results in a situation when iron compounds in magnetized water have a lesser effect on its total hardness. The action of the magnetic field also changes the electro-kinetic potential of water, its surface tension and viscosity and contributes to the stabilization of pH. At present few studies are available on the application of magnetic activators in agriculture (Rochalska 2002; Podleśny et al. 2003; Kołecka 2005) , especially in plant protection (Wachowiak and Kierzek 2002; Górski and Wachowiak 2004) .
The aim of the study was to determine the effect of new generation magnetic activators ECOMAG, with negative polarity, modifying the properties of the spray liquid, on the effectiveness of selected zoocides in the control of the two-spotted spider mite (Tetranychus urticae Koch). Effectiveness of zoocides was evaluated after the application of water with different magnetization rates.
MATERIALS AND METHODS
Experiments on the effect of water magnetized with a negative magnetic field on the effectiveness of selected zoocides in the control of the two-spotted spider mite (T. urticae) were conducted in 2006 and 2007 at the Department of Plant Protection Methods, the Poznań University of Life Sciences.
Tested plant protection agents were applied at minimum doses (Table 1 ). The minimum dose was considered to be such an amount of the preparation which killed approx. 50% specimens in the analyzed two-spotted spider mite population. The minimum dose was determined experimentally, by gradually reducing recommended doses.
Water for the experiments was taken from the water supply system, on which magnetic activators with a negative polarity ECOMAG by Akra (Warsaw, Poland) were installed in the following treatments: one, two, three magnetizers (each magnetizer consisting of a magnetic semi-ring with magnets mounted inside) or one magnetizer and additionally one ring made from the treatment of two magnetic semi-rings of single magnetizers. In the control treatment no magnetizers were applied and ordinary tap water was used to prepare spray liquid.
Experiments were conducted under laboratory conditions on plants of bean cv. Piękny Jaś cultivated in containers. Two-spotted spider mites were transferred onto plants at the two-leaf stage. Bean leaves with feeding pests, selected for testing, after several days were immersed for 3 s in a prepared solution of zoocides, containing magnetized water with different magnetization rates. Leaves covered with the preparation solution were placed onto glass plates lined with moistened filter paper. To provide accurate determination of the number of pests, plastic plates with openings of 3 cm in diameter were placed on leaf surface. Two-spotted red spider mite specimens were counted in the plate openings using a binocular. After counting was completed, plastic plates with openings were covered with glass plates so that the glass covered tightly all openings. The glass plate constituted a physical barrier preventing mite migration.
Each treatment was performed in five replications. Effectiveness of tested zoocides was determined using the Henderson-Tilton formula, based on the number of pest specimens found before and 24 h after treatment.
During the study physical parameters and pH of water used in the experiments were measured at the Department of Plant Protection Methods, the Poznań University of Life Sciences. Surface tension (Dc) of spray liquids was measured by tensiometry. Tested liquid was poured into a weighing bottle and placed on a pan of a tensiometer equipped with an electronic system for the replication of the assumed number of tests and display of results. After preliminary calibration of the device results were given in mNm -1 . Measurements were taken at an identical temperature (20°C) in 3 replications. Electrolytic conductivity (EC) was measured using conductometry with a CX 732 universal computer device type EPS -2ZE by Eurosensor and a temperature probe. Readings were taken 3 min after sample preparation and results were presented for 25°C. Measurements were taken in three replications and results were given in mS.
Reaction was measured using a CX 732 universal computer device, coupled with a combination electrode by Hydromet and a temperature sensor. Results were referred to the temperature of 25°C. Analyses of pH were performed in 5 replications, with 3 measurements being used in statistical analysis, and the minimum and maximum values were always rejected. Statistical analysis was performed on using the obtained results.
Results of pH, electric conductivity (EC) and surface tension (Dc) were subjected to statistical analysis using t-Student's test at the significance level p=0.05.
A detailed chemical analysis of tested water treatments was performed at the Department of Horticultural Plant Nutrition, the Poznań University of Life Sciences in Poznań, in order to determine contents of macro-and microelements and water hardness. Results are presented in table 2.
RESULTS AND DISCUSSION
As it was reported by Chibowski et al. (2003) , magnetic activation of water may result in changes in its chemical properties. Also in this study chemical analysis of tested treatment of water with different magnetization rates showed the effect of magnetic field on selected chemical properties of water (Table 2) . A slight increase in iron (Fe) and a decrease in zinc (Zn) contents were recorded. A higher iron concentration in water subjected to magnetic activation was also reported by Szczypiorowski et al. (2001) .
Reactions taking place in magnetized water may affect chemical processes occurring in spray liquid containing different plant protection agents. Chemical composition of the plant protection agent and contents of adjuvants included in its formulation may be modified by treated water and as a consequence influence biological effectiveness of the preparation in pest control. Moreover, the time between the preparation of spray liquid and its application, as well as meteorological conditions may also have a multisided effect on chemical processes taking place in the sprayer tank.
No significant effect of magnetic field on changes in water pH and electrolytic conductivity (EC) was found in the conducted experiments. In contrast, magnetic treatment of water was observed to influence the value of surface tension (Dc). The biggest and at the same time statistically significant increase of surface tension was observed in the treatment with strongly magnetized water, i.e. that magnetized with one magnetizer and additionally two semi-rings. A significant increase in surface tension was also found in the treatment with three magnetizers. In agricultural practice increased surface tension of spray liquid used in plant protection is not desirable and -depending on the used spraying equipment -it most frequently leads to the deteriorated coverage of plant surfaces with spray liquid (Wachowiak and Kierzek 2003) .
Results presented in table 3 indicate an effect of magnetized water used to dilute plant protection agents on their effectiveness. After the application of water magnetized using magnetic activators by ECOMAG generating a negative field, the efficiency of all tested zoocides in the control of two-spotted spider mite (T. urticae) was found to increase. A strong and at the same time statistically significant increase was observed for the effectiveness of zoocide Talstar 100 EC after the application of one and three magnetizers, Omite 30 WP after the application of two magnetizers, acaricide Magus 200 SC after the application of one and two magnetizers, and one magnetizer together with two semi-rings. Acaricide Ortus 05 SC showed a marked increase in the effectiveness for all treatments with the use of magnetically modified water. In the conducted experiments a higher effectiveness was found for tested plant protection agents in the control of the two-spotted spider mite in comparison to earlier results reported by Górski and Wachowiak (2004) . It should to be mentioned here that Górski and Wachowiak (2004) in their experiments applied identical preparations as it was done in the present study. Differences in results may be a consequence of a different polarity of applied magnetizers.
The effect of magnetized water used to prepare spray liquid on the effectiveness of plant protection agents was also observed by Wachowiak and Kierzek (2002) . These authors reported an increased effectiveness of selected fungicides in the control of phytophthora fungus [Phytophtora infestans (Mont.) de Bary] found on potato, after the application of these fungicides diluted in water subjected to the action of a magnetic field generated by a MULTIMAG magnetic activator.
CONCLUSIONS
1. Magnetization of water with a strong magnetic field with a negative polarity using ECOMAG magnetizers did not cause significant changes in the chemical composition of water. Slight changes were only observed in contents of iron (Fe) and zinc (Zn). 2. Magnetic modification of water did not cause changes in its pH and electrolytic conductivity (EC). However, it resulted in a slight increase in surface tension (Dc). 3. A negative magnetic field generated by an ECOMAG magnetic activator had an advantageous effect on the effectiveness of plant protection agents. It was found that water subjected to magnetic modification resulted in an increased effectiveness of zoocides: Magus 200 SC; Omite 30 WP; Ortus 05 SC and Talstar 100 EC in the control of the two-spotted spider mite (T. urticae).
Zauważono bowiem niewielki wzrost zawartości żelaza (Fe), spadek ilości cynku (Zn) oraz wzrost napięcia powierzchniowego (Dc). W prowadzonych badaniach stwierdzono wpływ wody poddanej modyfikacji magnetycznej na wzrost skuteczności działania testowanych zoocydów w zwalczaniu przędziorka chmielowca (T. urticae). Silny i zarazem statystycznie istotny wzrost efektywności zoocydu Talstar 100 EC zanotowano po zastosowaniu jednego i trzech magnetyzerów, preparatu Omite 30 WP po użyciu dwóch magnetyzerów, akarycydu Magus 200 SC po zastosowaniu jednego i dwóch magnetyzerów oraz jednego magnetyzera i jednocześnie dwóch półpierścieni. Preparat Ortus 050 SC wykazywał zdecydowany wzrost skuteczności działania we wszystkich kombinacjach z zastosowaniem wody poddanej modyfikacji magnetycznej.
